Infection with Helicobacter pylori is a major cause of chronic gastritis and peptic ulcer disease in children and its consequences in adulthood can lead to serious complications, including in particular the development of gastric cancer. Our aim was to analyze the relationship between the occurrence of selected genes such as cagA, vacA, iceA, and babA2 determining pathogenicity of H. pylori strains and clinical outcome in children.
IntroductIon
Helicobacter pylori infection usually occurs in childhood and is a major cause of chronic gastritis and peptic ulcer disease in children. The consequences of infection occur in adulthood, and lead to many diseases in the gastrointestinal tract, including in particular the development of gastric cancer. H. pylori infection is present in 93% of children with duodenal ulcer and in 56% of gastric ulcers, although these disorders in the pediatric population are rare [2] . Moreover, the clinical course and the nature of inflammation are different from those seen in adults [23, 29] . In developed countries, the incidence of H. pylori infection in children is less than 12% and shows a tendency to decrease, while in developing countries it may exceed 40% [11] . In Poland, the incidence of infection in the pediatric population is about 32% and varies depending on the region [14] . The risk of developing serious diseases of the upper gastrointestinal tract in the course of H. pylori infection is affected by factors dependent on the host, environmental conditions and strain-specific virulence factors [30] . Increased virulence of H. pylori bacilli is associated with the presence of certain virulence factors, mainly protein CagA and VacA cytotoxin. Research carried out in the Polish population shows that the presence of these factors among H. pylori strains is very high, especially in children [7] . Additionally, the clinical course of infection caused by this microorganism may be affected by other factors encoded by the following genes: iceA, babA, oipA, dupA, homB [17, 20, 24] . According to some authors, phenotypic and genotypic diversity of H. pylori strains may influence the degree and intensity of the individual inflammatory response and results in a variety of clinical manifestations in both children and adults [1, 3] . In Poland, studies on the role of genotypes of H. pylori strains in children so far are rare. The study of the relationship between genotype and clinical manifestations in children may contribute to a better understanding of the pathogenesis of H. pylori infection and thus provide a basis for the development of methods to prevent these diseases in adulthood. The aim of this study was to characterize the genotype of H. pylori strains isolated from children with diseases of the upper gastrointestinal tract, and to analyze the association between the prevalence of selected genes such as cagA, vacA (allele s1/s2, s1a/s1b, m1/ m2), iceA (iceA1/iceA2), babA2 and the clinical course of H. pylori infection.
MaterIal and Methods
This retrospective study was performed in the years 2008-2012 on H. pylori strains collected in the Department of Microbiology, Wrocław Medical University. The strains were isolated from biopsies taken from 130 children and adolescents (66 girls and 64 boys) between 4 and 18 years old who were referred to the Second Department of Pediatric Gastroenterology and Nutrition, Wrocław Medical University in the years 2007-2012 for evaluation of upper gastrointestinal signs and symptoms (recurrent abdominal pain, dyspepsia, vomiting). The patient population was homogeneous, of European origin, residing in the Lower Silesian district of Poland. Patients who had undergone gastroduodenoscopy and had been diagnosed with H. pylori infection were included in the study. The exclusion criteria included previous diagnosis of celiac disease, inflammatory bowel disease, or allergy, evidence of severe pathologies or intestinal parasites. Subjects who had taken antibiotics or an acid suppressant during the previous one month were also excluded. This study was approved by the ethics committee of Wroclaw Medical University, Poland (Approval No. KB-350/2006) and was undertaken according to the Declaration of Helsinki. Informed written consent was obtained from all parents of children and from patients older than 16 years of age participating in the study. At least two biopsy specimens from the antrum and in the case of pathologic changes also from the corpus were taken from each child during upper gastroduodenal endoscopy. One was used for histopathological examination and was evaluated histologically according to the Updated Sydney System [6] . The other biopsies were sent for microbiological analysis. Three groups of patients were evaluated: the first comprised children (n= 78) with non-ulcer dyspepsia (NUD), in whom endoscopy revealed esophagitis, gastritis, or duodenitis. The second group consisted of patients (n= 30) with peptic ulcer diseases (PUD) (peptic and/or duodenal ulcer disease Abbreviations: GERD -gastroesophageal reflux disease, NUD -non-ulcer dyspepsia, PCR -polymerase chain reaction, PUD -gastric and duodenal ulcer disease
third group comprised children with gastroesophageal reflux disease (GERD) (n=22). The diagnosis of H. pylori infection was based on bacteriological and histological examination. The gastric biopsies were cultured as previously described [13] . Briefly, the strains were identified as H. pylori by Gram stain morphology, positive culture and positive catalase, oxidase and urease tests. Subsequently, the bacteria were cultured on Columbia agar medium (Difco) with horse blood (7%) and on Columbia agar medium (Difco) with horse blood and a selective supplement (Dent), containing vancomycin 10 mg/l, trimethoprim 10 mg/l, cefsulodin 5 mg/l and amphotericin B 5 mg/l for 3 days at 37°C under microaerophilic conditions (5% O 2 , 10% CO 2 , 85% N 2 ). After the primary isolation and identification, the strains were kept frozen at -70°C in Brucella broth containing 15% glycerol. Subsequently, the bacteria were cultivated in the same conditions as primary cultures. On one plate a colony of bacteria was collected and subsequently passaged on two plates with the same medium. The plates were again incubated in microaerophilic conditions. Chromosomal DNA was extracted from H. pylori culture samples using the Genomic Mini kit (A&A Biotechnology, Poland) according to the manufacturer's instructions. Briefly, colonies of H. pylori from two plates of 10 8 CFU were scraped and transferred into centrifuge tubes containing 100 μl of sterile phosphate-buffered saline. Suspensions were vortexed vigorously, then transferred into tubes containing 100 μl of Tris buffer (10 mM Tris-HCl pH 8.5), 200 μl of lysis buffer and 20 μl of proteinase K. The tubes were incubated at 37°C for 20 min and transferred to a water bath at 75°C for 5 min, then centrifuged at 14 000 x g. DNA was eluted and stored at -20°C. Analysis of the vacA, babA2 and iceA1 genes was performed by multiplex PCR whereas the cagA and iceA2 genes were detected by single PCR. In all cases the PCR reactions were performed using a Taq PCR core kit (Qiagen). On the basis of published sequences primers were synthesized and used for different amplification reactions [8] . The 16s rRNA H. pylori reference strain J99 was used as an internal control. For detection of the cagA gene amplification was performed in 20 µl reaction mixtures containing 0.25 µM of cagA complementary primers, and Taq PCR core kit (Qiagen). Products were amplified under the following conditions: 5 min at 94°C for initial denaturation followed by 35 cycles of 45 s at 94°C, 45 s at 62°C, and 45 s at 72°C with a final round of 5 min at 72°C. For detection of vacA s and m regions the amplification reaction was performed in 20 µl reaction mixtures containing approximately: 0.25 µM of vacA s/m and 16s rRNA complementary primers, 3.5 mM of MgCl 2 , 100 ng of genomic DNA, and 5 U of Taq polymerase in a standard buffer. The reaction included an initial denaturation of target DNA at 94°C for 5 min, and then 35 cycles at 94°C for 1 min, 57°C for 1 min, 72°C for 1 min, then finally 72°C for 10 min. For analysis of iceA1 and babA genotypes amplification was carried out in 20 µl volumes containing 0.25 µM of each primer and the Taq PCR core kit (Qiagen), whereas for iceA2 analysis the 20 µl reaction mixture consisted of 0.5 µM of complementary primers, 3.5 mM of MgCl 2 , 100 ng of genomic DNA, and 2 U of Taq polymerase in a standard buffer. Cycling conditions were 35 cycles at 94°C for 1 min, 45°C for 1 min, 72°C for 1 min, then finally 72°C for 10 min. All PCR reactions were performed in a PTC-200 thermocycler (MJ RESEARCH). PCR products were analyzed using 2.5% agarose gel electrophoresis. SYBR Green I (Lonza Bioscience) was used as a DNA binding fluorescence dye. A strain isolated from a patient with gastritis, possessing both iceA1 and babA2 genes, was used as a positive control. For detection of iceA2 reference strain J99 was used as a positive control.
statIstIcal analyses
Differences among groups were tested using the chi-square, McNemar, Fisher, and Yates tests. P< 0.05 was considered as statistically significant. Statistical analyses were done by using STATISTICA Version 10.0.
results
The prevalence of virulence genes among children and adolescents analyzed in the study is present in Table 1 . Of the 130 examined patients, infection with more than one H. pylori strain, suggesting mixed infection, was detected in 16 (12.3%) cases. In these patients isolated strains possessed different alleles of the gene vacA (vacA m1 + m2 or vacAs1/m1 + s2) in 11 cases (9 patients with NUD, 1 with PUD and 1 with GERD) or both alleles of the gene iceA (iceA1 + iceA2) in 5 cases (respectively 3 with NUD and 2 with GERD). The cagA gene was present among more than 60% of the strains, and was statistically significantly more frequent among strains isolated from patients with PUD (p<005). The most common alleles of the gene vacA were s1 (62.3%) and m2 (67%), but the dominant alleles were s2/m2 (37%) (p <0.05). The iceA1, iceA2 and babA2 genes were present in 59/130 (45.4%), 27/130 (21%) and 30/130 (23.1%) of the strains, respectively. The distribution of complex genotypes among strains isolated from children with different clinical diagnoses is shown in Table 2. Patients with mixed infection were eliminated from this analysis. Among the strains isolated from children with peptic ulcer disease, the most frequently observed genotype was vacAs1/cagA. Among patients with NUD and GERD the predominant genotype of H. pylori strains was vacAs2/cagA-/iceA1+/babA.
dIscussIon
The study analyzed the genotypes of H. pylori in children with digestive tract diseases. There are few reports concerning molecular epidemiology of H. pylori strains isolated from Polish children. High frequency of the cagA gene in the Polish population of children and adults was reported by other authors [7] . High prevalence of the cagA gene in children has also been noted by researchers from other centers worldwide [9, 12, 26] . In contrast, some other authors reported dominance of cagA-negative strains in children in southern Euro-
pe [21] . The high percentage of cagA-positive strains of the Polish population in our study may indicate an increased risk of development of stomach and duodenal ulcers as well as precancerous lesions in the course of H. pylori infection. On the other hand, these strains appear to be easier to eradicate [27] . It was found that the differences in the occurrence of vacA alleles in the examined groups were statistically significant. These results correlate with studies in children and adults in other Polish regions [16] . The presence of H. pylori infection in our area caused by vacAs1 strains that have the ability to produce VacA cytotoxin proves the high virulence of the strains tested. In children with peptic ulcer disease, most strains had vacA s1/m2 and s1/m1 vacA allele variants while in patients with GERD and NUD there occurred strains with less capacity to produce toxins, or those that did not produce it at all, which is consistent with the observations of other authors [12, 18] . The iceA1 allele was more frequent in both strains isolated from children with PUD and with NUD (p<0.05). In addition, the iceA1 allele was more frequent among strains isolated from children with duodenal ulcer, while the iceA2 allele was dominant among strains isolated from children with peptic ulceration. The role of the gene iceA is not fully known and the results obtained from different centers are contradictory [4, 12] . It is supposed that the iceA1 allele may be responsible for adherence to epithelial cells, and causes an increase in concentration of IL-8 in gastric mucosa. Our results are similar to data from a meta-analysis of the role of iceA gene alleles on clinical outcome [25] . It seems that the iceA1 allele is more common in symptomatic children in our area and may be associated with more severe clinical course of infection. The occurrence of mixed infection with iceA-type strains can lead to high genetic variability of H. pylori during long-term colonization, as well as the ability to exchange genetic material between different strains [15] . The presence of multiple strains isolated from one host has been reported [7, 22] . Another gene analyzed in the study, babA2, is less common in our examined strains than in strains isolated from symptomatic patients in Bulgaria and Turkey [4, 8] . Moreover, a similar frequency of the babA2 gene was detected in the genetic material in strains from children with PUD and GERD, but it was detected much less frequently among strains from children with NUD (p<0.05). The results of our analysis indicate a higher incidence of the babA2 gene among strains from children with duodenal ulcer than with gastric ulcer. Some authors demonstrated on a gerbil model differences between strains with high and low babA2 gene expression in the induction of severe mucosal injury and inflammatory host response [19] . It can be assumed that the babA2 genotype is important in distinguishing H. pylori-related gastroduodenal diseases and the severity of inflammation dependent on babA2 may predict clinical outcome [5, 28] . However, the different associations between the babA2 genotype and gastric and duodenal ulcers should be further investigated in the future.
In this study, we analyzed the distribution of complex genotypes among strains isolated from children with different clinical diagnoses. Such analyses have not been conducted previously in children in Poland. Among the strains isolated from children with peptic ulcer disease the most frequently observed genotype was vacAs1/cagA, but in some of them (13%) the genes iceA and babA were also detected. It is possible that these genes may enhance virulence of strains and have an impact on the nature of the inflammatory changes in the stomach. A positive correlation between the presence of genotype babA2/cagA+/ vacAs1 and incidence of duodenal ulcers, inflammation of the stomach cardia, gastric cancer and MALT lymphoma was reported [10] . Among patients with NUD and GERD the predominant genotype of H. pylori strains was vacAs2/ cagA-/iceA1+/babA, which is considered to be less virulent. The role of the iceA1 gene requires further study. It seems that analysis of a strain's genotype is more adequate in correlation with clinical outcome than determination of separate genes. The analysis in this study is retrospective in nature; furthermore, it was conducted on strains isolated from children from one clinical center. Strains from different regions of the country may possess different genotypes. 
